The alkaloid pattern of the endemic plant Papaver coreanum Nakai (Papaveraceae) was determined for the first time. Eight alkaloids could be identified by LC/ESI-MS/MS and high-resolution mass spectrometry. Among them, protopine and allocryptopine represent the main components. Besides norsanguinarine, sanguinarine, dihydrosanguinarine, oxysanguinarine, lincangenine, and cryptopine, some other trace alkaloids were found whose structures remain unknown.
Papaver coreanum Nakai (Papaveraceae) is a biennial plant that is widely distributed in an alpine belt of Baekdu Mountain (name in North Korea) or Changbaek Mountain (name in China). The plant is 5~10 cm high and its greenish yellow flowers bloom from July until August. P. coreanum has been introduced into the Chinese herbal book [1] for use as an analgesic by residents of the high mountains areas. Its morphology has been described in detail in the Korean flora [2] . Because this herb is a protected plant in China and is difficult to cultivate on a larger scale, both the constituents and biological effects of P. coreanum have not yet been investigated.
The alkaloid profile of P. coreanum was investigated by direct infusion electrospray Fourier transform ion cyclotron resonance mass spectrometry (ESI-FTICR-MS) and liquid chromatography/electrospray tandem mass spectrometry (LC/ESI-MS/MS). High-resolution mass spectra showed a series of peaks with elemental compositions related to nitrogen-containing compounds. Using ESI-FTICR-MS and LC/ESI-MS/MS, the following eight Papaver alkaloids could be identified by comparison with either authentic samples or their ESI-CID (collisioninduced dissociation) mass spectra: norsanguinarine, sanguinarine, dihydrosanguinarine, oxysanguinarine, protopine, lincangenine, cryptopine and allocryptopine [3] [4] [5] (Table 1 ). According to both LC/MS and ESI-FTICR-MS data, protopine and allocryptopine represent the main alkaloids. Allocryptopine is accompanied by its minor isomer cryptopine possessing the same elemental composition. The ratio of allocryptopine/cryptopine of ca. 23:1 was determined by LC/MS. Due to lack of reference samples and published ESI-MS/MS data, some alkaloids remain unidentified. Species of Papaveraceae are known to contain protoberberine, benzo[c]phenanthridine, phthalideisoquinoline, and protopine alkaloids [6] [7] [8] [9] . Protopine, allocryptopine, and cryptopine have been found in many Papaveraceae species [10] . Lincangenine has been previously identified from Stephania lincangensis (Menispermaceae) [11, 12] , and norsanguinarine, sanguinarine, dihydrosanguinarine [3, 5, 8, [13] [14] [15] [16] and oxysanguinarine [8, 15, 17] from Papaveraceae species.
Experimental

Materials and methods: The plant material was collected from Bonghwa Alpine Medicinal Plant Experimental
Station, a substructure of Gyeongbuk Agricultural Technology Administration (Gyeongbuk Province, Korea).
The powder of dried flowers of P. coreanum (1.0 g) was extracted with 50 mL methanol under reflux to give an extract of 52 mg. Results from preliminary testing with Dragendorff's reagent suggested that this extract contained alkaloids.
Positive ion ESI mass spectra and collision-induced dissociation (CID) mass spectra were obtained from a TSQ Quantum Ultra AM system equipped with a hot ESI source (HESI, electrospray voltage 3.0 kV, sheath gas: nitrogen; vaporizer temperature: 50°C; capillary temperature: 250°C; The MS system was coupled with a Surveyor Plus micro-HPLC (Thermo Electron), equipped with an RP18 column (150 x 1 mm, 5 m, Hypersil GOLD, Thermo Scientific), collision gas: argon; collision pressure: 2 mbar. The HPLC conditions were the same as those described previously [5] .
Positive ion high resolution ESI mass spectra of the P. coreanum sample were obtained from a Bruker Apex III Fourier transform ion cyclotron resonance (FT-ICR) mass spectrometer (Bruker Daltonics, Billerica, USA) equipped with an Infinity cell, and a 7.0 Tesla superconducting magnet (Bruker, Karlsruhe, Germany) by using the conditions described previously [4] .
